Purpose of Review The objective of this review is to provide an update on the link between HIV infection and cardiovascular disease (CVD). We will focus our review mainly on literature describing clinical CVD events and understudied topics of importance. Recent Findings Heart failure, peripheral artery disease, and stroke are CVD modalities deserving more attention in the context of HIV infection in the highly active antiretroviral therapy era. Incidence data on clinical CVD from HIV populations in low-and middle-income countries are limited. Multisubstance use is common in HIV, but understudied as a moderator or mediator of the association between HIV and CVD. CVD risk assessment in HIV remains challenging, but new research into novel biomarkers may provide further insights. There is also a need for inclusion of non-biologic factors in our attempts to understand, quantify, and predict CVD risk among PLWHA. Summary Significant attention has been paid to generating and testing hypotheses to understand the mechanisms of myocardial infarction in HIV. Similar attention is deserving for heart failure, PAD, stroke, and cardiovascular disease risk in resource-limited settings and among substance users with HIV.
Introduction
People living with HIV/AIDS (PLWHA) are living long enough to experience diseases of aging that are typical in the general population including cardiovascular disease. For example, multiple reports demonstrate that PLWHA have excess risk of coronary artery diseases including acute myocardial infarction. To a lesser extent, there are also reports that suggest that PLWHA also have an excess risk of ischemic stroke, heart failure, and peripheral artery disease. While the underlying mechanisms for these associations are not clear, recent research suggests that this excess risk may extend beyond traditional risk factors for atherosclerosis.
The objective of this review is to provide an update on the link between HIV infection and cardiovascular disease (CVD). We will focus our review mainly on literature describing clinical CVD events and understudied topics of importance (e.g., peripheral artery disease). We will not focus on atherosclerosis in general or the role of antiretroviral therapy in CVD but instead refer the reader to the following recent reviews, meta-analyses, and cohort studies [1] [2] [3] [4] [5] [6] . Instead, we will use this opportunity to address CVD among PLWHA in the following under-represented research areas: low-and middle-income countries and substance use. Lastly, we will also discuss the state of CVD risk assessment in HIV and novel biomarkers that may inform our understanding of CVD risk mechanisms in HIV. See Appendix 1 for search methods.
Clinical CVD Events

Heart Failure
In the pre-HAART (highly active antiretroviral therapy) era, HIV-associated cardiomyopathy was predominantly driven by infection of the HIV virus or associated opportunistic This article is part of the Topical Collection on Complications of Antiretroviral Therapy pathogens infecting heart muscle and often resulted in myocarditis [7] . With access to HAART, the proportion of heart failure secondary to infective myocarditis is diminishing. However, more recent studies report that HIV infection remains a risk factor for heart failure even in the HAART era. Since there are settings with limited access to HAART (e.g., LMICs), the heart failure story in HIV is split into at least two parts-a concept recently reviewed by Lumsden and Bloomfield [8] .
Several recent studies have examined the prevalence and incidence of and risk factors and prognosis for heart failure. In the Veterans Aging Cohort Study (VACS), we reported excess rates and risk of heart failure among PLWHA compared to uninfected people in age decades from < 40 up to < 70 years [9•]. Recent cross-sectional data suggest a 66% greater prevalence of heart failure diagnoses among PLWHA compared to uninfected people using data from a hospital database aggregator (Explorys) [10] . Other cross-sectional studies have shown over 2-fold increased odds of adjudicated heart failure among those with peak HIV viremia ≥ 100,000 copies/mL and nadir CD4 < 200 cells/mm 3 [11] . Traditional risk factors for heart failure identified in the general population also increase risk among PLWHA, e.g., older age, black race, overweight, hypertension, smoking, and prior myocardial infarction. Additional risk factors that are particularly relevant among PLWHA include HIV viral replication, immunosuppression, and some antiretroviral therapy regimens, in addition to liver fibrosis and depression [12, 13] . Pulmonary artery hypertension related to HIV infection is prevalent (more so than idiopathic pulmonary artery hypertension) and may be another important driver of heart failure risk among PLWHA [14, 15] .
Part of the changing epidemiology of heart failure in the HAART era includes a shift from a mainly dilated cardiomyopathy phenotype which may be thought of as reduced ejection fraction heart failure (HFrEF) to include both HFrEF and heart failure with preserved ejection fraction (HFpEF). Data regarding incidence of heart failure with preserved versus reduced ejection fraction (HFpEF vs. HFrEF) are sparse. We reported 21% increased risk of HFpEF and 37% increased risk of HFrEF in PLWHA compared to uninfected people [9•]. In the general population, HFpEF has mortality rates comparable with HFrEF, can be difficult to diagnose, and when diagnosed, can be difficult to treat [16] [17] [18] . This may lead to delayed care seeking among PLWHA who are already burdened by multimorbidity and polypharmacy [19, 20] . Additionally, it remains unclear how disparities in cardiovascular disease care contribute to excess heart failure risk, e.g., PLWHA are less likely to receive appropriate invasive management after myocardial infarction, a heart failure risk factor, compared to people without HIV [21, 22] . These disparities could be further exacerbated given recent reports of unequal access to advanced heart failure care like heart transplantation [23] .
Future research in HIV and heart failure should focus on early detection of asymptomatic heart failure, appropriate intervention and risk reduction, and ways to mitigate health disparities in heart failure care among PLWHA.
Peripheral Artery Disease
As the spectrum of cardiovascular diseases continue to change in the HAART era, peripheral artery disease surfaces as an important understudied comorbidity. Lower extremity PAD follows coronary artery disease and stroke as the third leading cause of atherosclerotic cardiovascular disease in the general population [24] . PAD is common with aging and occurs when there is partial or complete blockage of one or more peripheral arteries most often in the lower extremities [25] . This leads to insufficient perfusion of peripheral arteries which is often asymptomatic but may lead to pain and increasing disability [26] . Many of the same conditions and behaviors that co-occur with PAD are drivers of atherosclerosis and occur with higher prevalence in HIV-infected populations, e.g., cigarette smoking, dyslipidemia, diabetes, hypertension, and chronic kidney disease [25, 26] . Given this potential convergence of risk factors and the aging of the HIV population, we highlight recent work characterizing PAD in the setting of HIV.
Most of these studies reflect cross-sectional designs and use the ankle brachial index (ABI) to determine the existence of PAD. ABI uses the ratio of systolic blood pressure between the ankle and arm to detect atherosclerosis in the leg (ABI below 0.9) [26] . The prevalence of PAD among HIVinfected people ranged from 2 to 27% [27] [28] [29] [30] [31] [32] . This wide range was reflective of different definitions of PAD employed, e.g., altered ABI defined as ABI < 0.9 or ABI > 1.3 [33, 34] , or requiring post exercise ABI < 0.9 [28, 35] . None of these have been validated in HIV, and there is controversy about interpreting ABI > 1.3 [36] . Variables associated with greater PAD prevalence in some but not all studies included male gender, dyslipidemia, older age, smoking, and CD4 count < 200 copies/mL [28, 33, 35, 37] . Only one of these studies showed HIV to be associated with lower ABI in adjusted models [38] . The VACS cohort has provided some of the limited recent longitudinal data in HIV excluding those with prevalent cardiovascular disease at baseline, and following participants till an incident PAD event defined using ICD-9 and CPT administrative codes [39] . Comparing demographically and behaviorally similar PLWHA and uninfected Veterans, we reported 30% increased risk of PAD associated with HIV status (presented at International Aids Society Conference, 2017; Abstract #4098). The relative risk of PAD was higher among PLWHA who were immunocompromised or had active viral replication.
Future PAD studies in the setting of HIV would benefit from longitudinal designs to estimate how quickly the PAD problem is growing and mechanistic studies to understand the role treated HIV infection plays in PAD prognosis.
Ischemic Stroke
There is a much better representation of longitudinal cohort studies for stroke than for PAD. Importantly, there is a small number of studies suggesting a reduction in the excess risk of ischemic stroke associated with HIV among PLWHA with preserved immune function and suppressed viremia [42, 43•, 44, 45] . Others have studied stroke etiology by HIV status and reported stroke secondary to large artery atherosclerosis and stroke of undetermined etiology to be predominant stroke subtypes among PLWHA [46, 47] .
While traditional stroke risk factors (e.g., hypertension) certainly play a role in driving excess risk [41, 42, 43•] , recent mechanistic studies in stroke among PLWHA provide interesting HIV-specific hypotheses. One study with potential mechanistic implications involves effects of HIV treatment on the blood brain barrier and subsequent effects on stroke severity [48•] . Earlier work has focused on gastrointestinal barrier dysfunction in HIV and its potential role in driving systemic inflammation and thus potentially, atherosclerosis [49, 50] . Whether similar mechanisms are at play with the blood brain barrier and cerebrovascular disease could be a fascinating area of research, which can leverage our understanding in the more accessible gut/periphery to make and investigate inferences about HIV in the nervous system.
Myocardial Infarction
Much of the recent work on myocardial infarctions in HIV is focused on improving our understanding of why PLWHA have higher risk for myocardial infarctions and what happens after the first myocardial infarction event. Three recent studies provide important context for progress in HIV/myocardial infarction research. A study within the Kaiser Permanente health system reported decreasing rate ratios (by HIV status) for myocardial infarction from 1996 till 2011. This suggests that the excess risk of myocardial infarction associated with HIV infection diminished over time, likely a reflection of improved HIV care and growing literature during that time regarding the association of HIV status with cardiovascular disease risk [51•] . We reported in VACS that despite a greater relative risk of myocardial infarction associated with HIV infection, PLWHA experience myocardial infarctions at approximately the same age as people without HIV [52•] . Given that myocardial infarction is a disease of aging, this study suggests that HIV is associated with accentuated aging (comorbidity risk is higher at all ages) rather than accelerated aging (comorbidities occur at younger ages). Data from the Center for AIDS Research Network of Integrated Clinical Systems (CNICS) cohort highlight the need to consider type of myocardial infarction. Type 1 (due to atherosclerotic plaque rapture) and type 2 (not due to atherosclerotic plaque rupture) myocardial infarction are prevalent among PLWHA, but their etiologies, risk factors, and therefore prevention and treatment strategies differ [53•] . Nonetheless, these data, as well as data from the North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD), confirm the elevated risk of type 1 myocardial infarction associated with HIV infection [54] .
A series of studies focused on parsing out HIV-specific effects from traditional and other cardiovascular disease risk factor effects. Data from the Danish HIV Cohort Study assessed myocardial infarction risk by HIV status separately among never smokers and ever smokers, finding no significant association among never smokers but 78% increased risk associated with HIV infection among ever smokers [55] . They translated this finding into population attributable fractions suggesting that if all current smokers stopped smoking, 42% (95% CI 21-57%) and 21% (12-28%) of all myocardial infarctions could potentially be avoided among HIV infected and uninfected people, respectively. This contrasts with earlier analyses limited to never smokers that reported excess myocardial infarction risk persisted among PLWHA compared to uninfected people [56] . In the VACS, we grouped HIV infected and uninfected people by cardiovascular disease risk factor control and assessed myocardial infarction risk [57•] . Though very few people had optimal cardiac health, we still observed a 2-fold increased risk of myocardial infarction among those with HIV compared to uninfected people. However, absolute rates of myocardial infarction were much lower among those with optimal cardiovascular health compared to those with at least one major risk factor, suggesting that control of traditional cardiovascular disease risk factors is critical to reducing absolute risk in HIV. The finding of low prevalence of optimal cardiac health was consistent with recent data from a Mediterranean cohort [58] .
There has been recent interest in recurrence of and morbidity and mortality after myocardial infarction. Data from the Data Collection on Adverse Drug Events (D:A:D) study indicates that the proportion of PLWHA dying from a CVD cause after their initial myocardial infarction decreased from 73% in 1999-2002 to 41% in 2011-2014 [59] . They conclude that short-term survival improvements following a myocardial infarction are primarily due to better management of CVD risk factors in PLWHA who have an incident myocardial infarction. US hospital discharge data indicate that PLWHA had higher mortality after admission for myocardial infarction or stroke only among those with a prior AIDS diagnosis [44] . The inference here being that maintaining immune function (e.g., with new test and treat strategies) may improve cardiovascular outcomes in HIV populations. This was consistent with other work pooling data from the USA, Europe, and South Africa [60] . In contrast, a study linking myocardial infarction registry data with data from the Swiss HIV Cohort found that well-controlled HIV infection was still associated with increased risk of death 1 year after incident myocardial infarction adjusting for age, sex, year of myocardial infarction, smoking, hypertension, and diabetes (HR 4.42 [95% CI 1.73-11.27]) [61] . This study did not find an increased risk of recurrent myocardial infarctions or hospitalization rates among HIV-infected people though others have reported disparities in guideline-recommended cardiovascular care among PLWHA compared to uninfected people [62] .
Mechanistic studies comparing vascular health by HIV status among people with similar levels of coronary artery disease provide insight as to how HIV may be driving excess risk of clinical events and raises important questions. In men with acute coronary syndromes (i.e., myocardial infarction or highrisk chest pain), there was no difference in the total number of diseased coronary vessels by HIV status; however, HIV infection was associated with lower Gensini scores indicating lower disease severity [63] . Gensini scoring provides a sense of disease severity by taking into account both the amount of stenosis (blockage) in vessels and the location of stenosis in the coronary artery tree (e.g., stenosis in the left main artery indicates higher severity than stenosis in less critical distal vessels). From these findings, the authors conclude, as have earlier studies, that plaque vulnerability (i.e., likelihood that the clot causing vessel narrowing breaks off and completely blocks the vessel) may be driving more of the risk of clinical events than quantity of plaque. Among patients who had similar coronary artery disease burden and were undergoing percutaneous coronary intervention, PLWHA were more likely to have myocardial scarring after myocardial infarction compared to uninfected patients [64•] . This raises important questions about whether myocardial cell death is more severe during a myocardial infarction in a PLWHA compared to an uninfected person and whether this explains excess risk of heart failure and sudden cardiac death [65] .
Myocardial infarction has received a lot of attention in the context of cardiovascular comorbidities in HIV. While the exact mechanisms driving excess myocardial infarction risk among PLWHA are being elucidated, there is sufficient evidence for intervening on traditional CVD risk factors while suppressing HIV viremia and maintaining CD4 T levels with combination antiretroviral therapy. An important next step is implementation of science studies to figure out optimal strategies to successfully execute such interventions among PLWHA and their care providers.
CVD and HIV in Special Populations
Low and Middle-Income Countries
In this section, we focus on recent knowledge gained in understanding the cardiovascular disease story among HIV populations in low-and middle-income countries. Many of these regions (e.g., sub-Saharan Africa) host the majority of HIV prevalence (Fig. 1) , have a growing burden of cardiovascular disease (Fig. 1) , and lack the infrastructure to manage non-AIDS comorbidities. Thus, there is rationale for leveraging knowledge and, where feasible, resources from the HIV chronic care context in these settings, extending them to reduce cardiovascular disease risk in HIV, and subsequently extending these efforts to non-HIV populations.
As described previously, cardiovascular disease in the absence of HAART is primarily driven by infective etiologies and present as pericardial effusion, infective myocarditis, and subsequent systolic heart failure. In the presence of HAART, PLWHA live long enough to establish atherosclerotic lesions, develop coronary artery disease and acute coronary syndromes (e.g., myocardial infarction), and suffer from subsequent heart failure.
Most of the recent studies we identified focus on prevalence of cardiovascular disease risk factors with particular attention paid to hypertension. Prevalence tends to be high of risk factors like dyslipidemia, hypertension, obesity, tobacco use, and malnutrition [66•, 67-80] . In contrast, knowledge about and awareness of these risk factors and their relationship with cardiovascular disease tends to be low, which impedes linkage to cardiovascular care where available [66•, 74] . Several studies describe cardiometabolic disturbances associated with certain antiretroviral therapies in low-and middleincome countries [81, 82] [66•] , and that access to HAART is not universal in these settings, careful consideration is required when prioritizing and implementing CVD risk reduction strategies in these settings.
The second-largest area of focus was subclinical atherosclerosis. Feinstein et al. confirmed that ideal cardiac health, infrequent in their Ugandan HIV cohort, was associated with lower carotid intima-media thickness [83] . Siedner et al. reported twice the prevalence of arterial stiffness defined as ABI > 1.2 in Ugandans with HIV compared to uninfected Ugandans [84] . Ssinabulya et al. characterized carotid intima media thickness (cIMT), an ultrasound-based measure of early atherosclerotic changes in arterial walls, among 186 Ugandans with HIV [85] . Using a cIMT cutoff of ≥ 0.78 mm to define the presence of subclinical atherosclerosis, they found that 18% of their sample met this criterion. Median cIMT was not reported. Schoffelen sectional age/cIMT distribution in this study, the authors estimated that this South African sample would reach a threshold cIMT value of 0.78 mm at least 10 years earlier than would have been expected in a reference group of healthy Dutch people. Both of these cIMT studies confirmed that traditional cardiovascular disease risk factors (age, obesity, total cholesterol) were associated with higher cIMT among African PLWHA.
We did not find any recent longitudinal studies reporting incidence of clinical cardiovascular disease events in low-and middle-income countries. At least two recently described cohort studies are set to start enrollment and may provide some of this epidemiological incidence data-the Ndlovu Cohort Study [87••] and the EndoAfrica Study [88••] in South Africa. The REPRIEVE clinical trial (Evaluating the Use of Pitavastatin to Reduce the Risk of Cardiovascular Disease in HIV-Infected Adults) has sites in southern Africa, Latin America, the Caribbean, India, and Thailand. This trial may have the ability to describe cardiovascular disease event incidence in HIV populations across multiple income settings as has been done with prevalence data from the START (Strategic Timing of AntiRetroviral Treatment) trial [89] . Other potential approaches involve estimation of incidence at the population level from cross-sectional prevalence data. This approach has been used in Africa to estimate HIV incidence and is being investigated to estimate cardiovascular disease incidence in high-income countries [90] . Assuming growing availability of the necessary inputs for this kind of modeling (longitudinal prevalence data, demographic change data, and mortality data), it may be possible to apply such methods to estimate cardiovascular disease incidence at the population level in low-and middle-income countries.
Case control studies thus provide best estimates of association of HIV and clinical events in these settings. A study from Malawi found distinct ischemic stroke etiology and features by HIV status [47] . Compared to HIV-uninfected people with stroke, PLWHA who had a stroke had higher prevalence of large artery disease and basal ganglia ischemia. Another study from Malawi among 222 adults with acute stroke and 504 nonstroke controls identified HIV as the predominant risk factor for stroke among participants ≤ 45 years [91] . A small pilot study comparing ≥ 35-year-old women with isolated right heart failure to similarly aged controls reported an adjusted odds ratio for HIV status of 40 [95% CI 3.7-441], i.e., women with heart failure had a 40-fold greater odds of having HIV compared to women without heart failure-note: wide confidence intervals reflect small sample size of 31 cases and 65 controls [92•] . A cross-sectional echocardiographic study of cardiac structure and function among children (mean 8 years) reported increased prevalence of left ventricular systolic dysfunction among those with HIV compared to those without HIV [93] . Left ventricular systolic dysfunction was defined as a fractional shortening ≤ 28% or ejection fraction < 40% with otherwise normal left ventricular dimensions. A separate study of Ugandan children estimated prevalence of left ventricular systolic dysfunction at 7% with a further 7% displaying electrocardiogram abnormalities [94] . A systematic review and meta-analysis that attempted to estimate incidence and prevalence of pulmonary hypertension among African adults with HIV did not find any incidence data but estimated pulmonary hypertension prevalence at 14% [95% CI 6-23%] [95] .
Low-and middle-income countries bear majority of the burden of HIV prevalence and a large and growing burden of cardiovascular disease and cardiovascular disease risk factors (Fig. 1) . Better estimates of cardiovascular disease incidence are needed to appropriately allocate resources for the growing double burden of HIV and CVD in low-and middleincome countries (Fig. 1) .
Substance Users
The only substance of abuse included in cardiovascular disease risk prediction scores is tobacco, and recent studies have confirmed smoking as a risk factor for atherosclerosis in HIV [96] . However, multisubstance use is common among PLWHA [97] , and these substances may have direct effects on cardiovascular disease risk or modify the effect of HIV status on cardiovascular disease risk.
The association between heavy alcohol use and cardiovascular events has been studied extensively in the general population but less so among PLWHA. A metaanalysis between 1999 and 2014 found only 13 eligible studies and estimated that heavy alcohol use was associated with 37% [95% CI 1.02-1.84] increased risk of cardiovascular disease compared to non-heavy use [98] . Recent longitudinal data from the Women's Interagency HIV Study (WIHS) and the Multicenter AIDS Cohort Study (MACS) did not find an association of heavy alcohol use and incident atherosclerosis [99] . A prior cross-sectional study from MACS found an association between heavy alcohol use and the presence of coronary artery stenosis with no significant association for low/ moderate drinking among PLWHA [96] .
Other studies have focused on illicit substances. MACS reported 20% prevalence of heavy marijuana use (daily/weekly use) and linked heavy marijuana use to incident cardiovascular disease events independently of cigarette smoking [100] . In the general population, cocaine has been linked to acute coronary events.
Among predominantly African American PLWHA, current or past cocaine use was associated with higher prevalence of carotid plaque but not carotid plaque progression, cIMT, or change in cIMT over 3 years [101] . The Johns Hopkins HIV Clinical Cohort investigated incident HIV-associated non-AIDS comorbidities including cardiovascular disease by history of injection drug use. They did not detect a significant difference by injection drug use status on the risk of stroke or myocardial infarction accounting for competing risk of death. However, no information was provided regarding the specific substances being injected [102] .
Given the current opioid overdose epidemic, future studies should assess the impact of opioid misuse on cardiovascular disease risk in the context of HIV infection.
CVD Risk Assessment and Novel CVD Risk Factors in HIV
Risk Assessment
Since earlier studies suggested that the existing cardiovascular disease risk scores may inaccurately estimate the risk of clinical events in HIV population, more recent publications have attempted to confirm and extend this work [103, 104, 105•, 106-112] . There remains conflicting data about how well Framingham and other non-HIV-specific algorithms predict cardiovascular disease risk with some studies showing good discrimination or calibration [104, 106] and others, less so [105•, 106, 107, 109, 110] . The D:A:D cardiovascular disease risk score was developed using data from PLWHA and has recently been updated to facilitate use in everyday clinical practice [113•] . Given the role of lipids in estimating cardiovascular disease risk, studies of HIV comorbidities that further perturb lipid levels and independently contribute to cardiovascular disease risk (e.g., hepatitis C) are relevant in the discussion of cardiovascular disease risk prediction in HIV [111] .
Novel CVD Risk Biomarkers in HIV
Recent studies have looked beyond traditional cardiovascular disease risk factors in an attempt to explain the excess cardiovascular disease risk observed in HIV. These novel biomarkers span immunology, the intestinal microbiome [114, 115] , red blood cells [116] , and endothelial function [117] . The approaches being used are diverse and include imaging [118, 119] , proteomics [120•] , genomics [121, 122] , metagenomics and metabolomics [123] , and assessment of soluble and cellular proteins [124] [125] [126] [127] [128] [129] [130] .
One of the central hypotheses driving these approaches is that HIV infection and its treatment, even with successful viral suppression, increases intestinal permeability and bacterial translocation, increases systemic inflammation, alters coagulation pathways, drives abnormal vascular function, and promotes plaque formation and subsequent destabilization all contributing to increased risk for ischemic and non-ischemic cardiovascular disease. Additional hypotheses focus on morbidity that co-occurs with HIV ranging from viral hepatitis to depression, which can modify the risk of cardiovascular disease among PLWHA.
Of equal relevance as these biologically focused mechanisms are societal and environmental factors that often do not make it into cardiovascular disease prediction models. These include issues ranging from polypharmacy associated with managing multiple chronic diseases (e.g., HIV and heart failure) [131] , healthcare disparities associated with HIV status that impact cardiovascular disease prevention and care [21] [22] [23] , economic disparities that impact exposure to environmental pollution [92•] , and clinical cardiovascular guidelines that may not account for HIV status when designating high-risk populations that could benefit from strategies beyond usual care.
Conclusions
In a prior review on HIV and cardiovascular disease, we described a conceptual model linking biological and environmental factors to increased cardiovascular disease risk in PLWHA [132] . With this review, we highlight heart failure, peripheral artery disease, and stroke as modalities deserving more attention as the epidemiology of cardiovascular disease evolves in the HAART era. We also provide an update on myocardial infarction in HIV, suggesting implementation science work on risk reduction as a relevant next step. We identify lack of incidence data as a gap in HIV/cardiovascular disease work from low-and middle-income countries and propose research into substance use including opioids and cardiovascular disease risk in HIV. Cardiovascular disease risk assessment in HIV remains challenging, but new research into novel biomarkers may provide further insights. There is also a need for inclusion of non-biologic factors in our attempts to understand, quantify, and predict cardiovascular disease risk among PLWHA.
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Methods
We searched PubMed for relevant papers in English published between January 01, 2014 and October 31, 2017. For peripheral artery disease, we relaxed the time requirement given the dearth of available studies. Documents independent association of HIV infection with incident heart failure (including type heart failure) in the combination ART era using a behaviorally and demographically similar comparator group of uninfected people. 10. Al-Kindi SG, ElAmm C, Ginwalla M, Mehanna E, Zacharias M, Benatti R, et al. Heart failure in patients with human immunodeficiency virus infection: epidemiology and management disparities. Int J Cardiol. 2016;218:43-6.
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